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Background (n=1 mode motion) C

n=1mode motion of plasma column
A fidd-reversed configuration (FRC) plasma deviates from
Its equilibrium position and moves slowly around it at an
equilibrium phase.

r(20) =ry(2)+x(2)exp(i(wt - ng)) w=w, +ig

X(z)=const : shift motion  Rotational mode: wobble motion
X(z)=y z: tilt motion y
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Effect of the n=1 mode motion

* Low reproducibility on atrandation experiment
(FIX, FRX-C/T)

* Particle loss from X-points
 Low efficiency on aneutral particle beam heating

*Physicsissue
Source and Driving Mechanism

T echnology Issue
Control method
amultipolefield (NUCTE)

aneutral beam injection (FIX)
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Purpose of this subject cSt

A source of the n=1 mode motion Is investigated
from the point view of a magnetic structure of
the confinement field.
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1. Structure of Magnetic Field for FRC C€=F
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Structure of Magnetic Field in g-Pinch Coll
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Magnetic Structure w/o and with FRC Plasma
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Magnetic structure D
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2. Experimental Set up

Conducting ring Flux loop
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Theta-pinch coil
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Conducting ring
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1. Installation of aconducting ring
2. Control of coil aspect ratio
3. Control of plasma elongation

1. Optical diagnostics
2. B, magnetic probe array




3. Typical Plasma Parameter w/o C. R. €=F

/o C.R. .
S b Equilibrium Plasma Parameters

B,=48mT
B.=0.5T
r.=0.05/m
1.=0.33m
n.=2.1x10%m3
T.+T,=280eV
b=0.7
r.=0.0041m, w=4
tyire= /0TS

t oneet=32ITB

w =4.2x10°rad/s
V ,=170km/s (94km/s)

Time [us]



Typical Plasma parameter with C. R.

—— with C.R. o
06 p—0n0 Wit e All field lines are pulled out through
=] [—\ the discharge tube from narrow regions
h - near the coil ends dueto the

0.06 |- v\_ T 1 |conducting rings.
G \ « Closed field configuration is quickly
S | |formed at the coil ends as soon as the
0.00 ——r—+—+—+—+—+—t J.I confinement field is applied.

* A long FRC is generated without
tearing at the mirror regions.

Oscillation of r, |, and n_ decrease.
Lifetime will be prolonged
*Onset of n=2 will be delayed

, L sl mprovement of symmetry for FRC
0 20 40 60 go | formation




Observation of n=1 mode motion C":=
by visible optical diagnostics

optical fiber strand Bremsstrahlung
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X-y profiles of line integrated light intensity at z=0
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Trajectory of the Plasma column at z=0
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After the axial contraction, n=1 mode motion is appeared
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3-D trajectory of n=1 motion
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Dependence of x,, on averaged magnetic field gradient
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Typical Trajectory of Plasma column (r=5.7cm, 1.=37.5cm)
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Estimation of the force acting on the plasma
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Kk (center force) is~1000 N/m (10N at x,=0.01m)
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asymmetry A

Relation between x_ and axial asymmetry

Relation between X, Relation between x,
and asymmetry at z=0 and Axial asymmetry
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Mechanism of generation and saturation CST

for n=1 mode motion
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4. Summary C

1. A source of n=1 mode motion isinvestigated from

point view of a magnetic structure of a confinement
field.

. The source of n=1 mode motion is related to an negative
field gradient of a radial direction. With the increase of the
negative gradient, the amplitude of the motion becomes large.

. The gradient is controlled by a coil aspect ratio and a
plasma elongation.

. By an installation of a conducting ring at the end of theta
pinch coil, the amplitude decreases.

. Symmetry of a plasma formation is aso related to the

appearance of n=1 mode motion.



2. Behavior of n=1 mode motion is also investigated.

. The trgjectory of n=1 mode motion depicts different
orbits, for example, a radial oscillation, an €liptic (or
circler)rotation and a combined orbit dependent on the initial
velocity.

. The direction of the rotation is not only clockwise but

aso counterclockwise.
. The axial mode structure is even. The odd mode motion can not be
observed.
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n=1 mode motion ceT
by B, field measurements

Axial dependence of B field
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Mode Analysis of B, field at z=-0.175m
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Estimation of Trajectory by a center of force CET
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